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_ _ ' ; Presentea. are the results of an i^vestigatidn 6^' ^ 
stimulus in.tegration capabilities of three- and £d'ur-year-dld 
children in judgments of smalland large numbers^ There i mucfc " 
evidence that suggested young children have a concept of number for 
small numbers^ but not for large ones, ft concept of number eas ✓ 
hypothesized by Piaget to rest on the child's ability to correctly 
integrate two stimulus •diffl^sion-Sr-^ength and density, ^Piaget 's' ' 
analysis, predict s_ that young ' children 's., jtldgjn^ iill ^bey the 
correct Length _x Density Integration rule^ whereas large number ' 
judgments would obSy a .one^diSensionalrule. _ The study reveafs ^hat 
children rs_judginents_of small numbers did follow the .cdrre'fet - iength 
Density rule, while the children used an incorrect £ en g^th 4- ^ehsi-By 
rule for large numbers^ These results show that^ number 
is present for small numbers but not for large numbers, in line -with 
previous work. Contrary tcPiaget's analysis of previous work, the_ 
absence of a concept of number does not imply the absence of stimulu 
integration, (HP) * ' , u 
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This study investigated sti?^ulub Fntegrstldn capabilities of 3- and ^-year- 
"olds in judgments of small arid large numbers-^ Judgments of small numbers obeyed ^ 
the correct Length x' Dens ity rule, dudgmeryiis of large numSers obeyed ah "in- 
correct'^ Length +^ Density rule. These resufts show that a concept of number 
is present for small numbers but not for large numbers, in line with previous ' ^ 
work-, Contrary to_ Piaget's analysis of previous work, the absence of a' concept 
of number does hot imply t^e absence of stimulus v integration. ^ _ 
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: Small Numbers vs. Large Numbers: 

, • ' . ' 

An Investigation of Stfmalas Integration Rules 

There is much evidence to suggest that young children have a concept of 
hUmber for small numbers, but not for large numbers. According to Piaget 
[6 Szeminska] (1952), a concept of number rests on the ahility to correctly 
Integrate two st i|iiulus dimehsic : . length arid derisity/ ?h judgments of number. 
Oh the other harid^ Piaget interp . f 5 the absence of a concept of number in 
term|,:bf the lack of ab 1 1 1ty to integrate stimblus dimensions. Piaget's anal- 

-ysis predicts that young chl idren' s judgmehts of small riumbers-w? 1 1 obey the 
correct length x Density iritegratibri rule, w^hereas 'thei r judgments of large 
riumbers w 1 1 obey a orie-dimensibnal rule. But these predictions have not been 
properly^ tested.: Previous studies have not b^eri -desigried to deterrriirie the 
algebraic nature of iritegratibri rules in judgments of smal 1 riumbers or to detect 
the possible, presence of st-iTnulus integration in Judgments of ; large numbers. 
Tfius,^ this ^ Study was designed to provide a^simple and straightfbrward irivestiga- 

^ fibri of stimulus iritegratibn in young children's judgments of small and large 
riumbers. It goes beyond previous studies in two Important ways . First, it 
allows for the possibrlity that iritegratibri rules iri jUdgmen'ts *"of small riumbers 
may ijq fact Ije different from the f:orrect Lerigth x Derisity rule. Second, it 
allows for the pbssib! Uty that' young chi ldren may in fact integrate stimulus 

dimensions in forming judgments pf large numbers. • • 

— . * ■. " ■ ■ 

Method r : 

' ~ _ ~ " .-- -.^ ^ ^ - - ^ . - ^ ^ ■ ^. — - 

A judgmerits bf number, small br large, was conceptual i-zed iri terms of the 

integration af the length and density dimensions of a row of equal ly-spaced beads 

Rows v;ere generated factorial ly over multiple levels bf length and density, and 

the children ma<Jer quantitative 'ratings bf individual rows. These simple method- 

oJogical features provided the.-basis foe precise and powerful examination of 



IntegHatidhai capacity and of algebraic integratton rules in ybiirig children's •. 
judgments of number; problems that lie at the heart of Piaget ' s analys i s of : 
the development of a cbhcept of riumber. " * 

Subjects > Twenty S-jyear-olds and 20 V-year-olds made rating judgments of 
small and large numbers of beads in a row. Judgments were obtained in two 
different sessions, separated by an interval of about four months. • 

Response. The children made their rating judgments on the graphic, rating 
scales 'shown i:; Figures T and 2. As shown in these figures, the Pe were sad and 
happy faces at . the ends of the scales. Chj Id ren weri told that the bar In be- 
. tween the two faces represented intermediate degrees of, sadness and happiness, 
in a grade^i,rnanher. The children were told abbUt a s,tory child who wanted some 
beads to make a necklace for mother. They were instracted to Indicate how sad 
or happy the story chl Id would be wttfi a giveii number of beads by pblhtlhg to 
a location along tfie response bar. The larger the number of beads, the happier 
the story child wduld^be. Counting was not allowea. 

. St imul i si ightl^ rrore numerous and sl ightly less hUmber'dUs than the experi- 
,tnental stimuli were used to anchor the two sends of the scale. This establishes 
B frame of reference for a particular set of judgments, and also eliminates un- 
wanted floor and ceiling effects. : • , - 

It may be surprising that ch i Idren as young as 3 yea|rs are ;abU--to-^tin3^ 



stand these instructions and are. able to make rating response. Bat they can,*' 
and they seem to find the rating response to be very easy and natural. 

Stimul i . Small numbeFs were constructed from a 3 x 2, length x density^ 
Factorial design. Length refers to the distance between the two end beads of 
a row. Density refers to the spacing between the beads. The number of beads 
ranged from 2 to 7 for the 6 small number stimul i . Large hUmbers were construct- 
ed from a 3 x 3,' length x density^ factorial. . The number of beads ranged frqm 



^ to 2S. for the. 9 large number stimuri... " ; . , . 

^ Resutts * * 

/ The results' are' shown in Figures 3 and H. in each fjariel , mean judgments 
are. plotted against the levels of the leagth factor,* w! th a separate curve for 

:^each level of the density factor^ Each point stnads for one eel 1 in a length 

< ' _ _ _ _ ■ » '' . • • . 

X aei;)sity factorial design. , " "• > 

Smal 1 numbers . When the children were presented wi th small numbers, judg- 
ments obeyed a Length"^^^ Density integration rule. The Length x Density rule 
IS ^hown graphical ly by^ the l-ihear divergence of the two curves in each panel 
of Figiire 3. ^I.t was confirmed stat i st ical ly, by a sfgnFf leant bj 1 fnear component 
of the length jc dens ity "interact foji. 

L arge numbe rs^ ^ When the children were presented with large number.s^'^ however, 
jjjdgmehts obeyed a Length -+ Dens F ty Integration rule. The Length + Density rule 
is. shown graphica? ly >y the ventLcally separate ands approximately parallel curves 
!n each panel of Figure h.' It was confirmed Statistical ly by significant main 
ef fecj^l" of both' length and density, and I5y a nonsignificant length k density 
interaction. ^ : . 



'The Length x Density rule provides a striking demonstration of the presence 
of a concept of number for small numbers in young children, an^ powerful supporf i 
fbr Piaget'.s prediction that a concept of number implies correct Jntegratibh of 
length and densify dirtiehsibhs. 

: Even more stri^ing^^nd important is the bength + Density rerle in young ehil-'' 
dren's judgments^ of large numbers. The Length + Density rifle dembristrates the 
absence of a cbncegit bf« fiUmber fbr large numbers, but indicates that young chi!-^ 
dreh are nbneth&l ess ^capable brstimulus integration • in their judgments of targe 

- ----- -c. -- - ' ^ ' • 

numbers.* The discovery of tH Is integ^ration rule presents serious prbblems fbrv 
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Piaget's interpretation that ybung child reh lack a concept of number fecause a 

they lack the aBirity to Integrate stimulus dimensions. In the afcTsence of a 
^ ■" ■- • . ' , 

concept of number, integration of length and density dimehsicashs is "iricbVrect** 

rather than nonexistent. ' 

The 'Whcbrrect^ Length + Density rule Is evi-dehce" for a rernarkabld know- 

ledge about large numbers; It mdioates that young.chl Idreh are afitfare of the" 

■ . _ ■ ■■ . - - . { _ ; .•■ 

two stimul^ dimensions that are relevant to number. That is, th^y know that ' 
number increases wittt. the length a row ahd^ also, that number increases with 

. the density of^ a:::rc^r Ftrrthermore, they knbw that length and density, together^ 

, J ._ . ■_ ■ ■. . ' _ • _ ■ _ _ " • .-^ ■ _ ■ ' . ' _ _ _ _ ■ • 

are important. Thus, they integrate these dimehsiohs by an adding rule. The 

- ' ■ ^- - - - ■ ^ _■ _ ■__ ■_ _ . • • 

use of a Length + Density rule, as a" subst i tute for. a Length ,k Density rule, 

is an extreniely practical resolution of the' task of judging large numbers. ' On 

the one hand, it takes account of -the apprbpriate stimulus dimehsibns. On the : 

other hand^ It yields a fairly good approximation of h umber. 



